Abstract. We present the application of the process workshop method to define revised work processes in software development companies. Through two empirical action research studies, we study the impact of company premises and goals on the execution and subsequently on the results of the method. We conclude that both premises and goals will influence the workshops, and suggest how the focus of the workshops should be altered to achieve better results depending on the context. We also strengthen previous claims that the process workshops are a good arena that fosters discussion and organizational learning, and that involvement in the workshops leads to higher acceptance and usage of the resulting process.
Introduction
The way we develop and maintain software, or the software process, has long been regarded as crucial for software quality and productivity [16] . In many companies, software development is performed in a rather informal fashion, and problems of late and unsatisfactory deliveries are not uncommon.
Problems related to the use of informal development include problems with transferring competence from one project to another, difficulties in establishing best practices, and the widely varying nature of problems to be solved. In order to address these challenges and to improve the quality of the software development process, a lot of companies develop process guides to structure their work.
The process workshop (PWS) method was designed as a lightweight method to help facilitate the development of such process guides. Apart from the original introduction of the process workshop [11] and a Finnish application of the same method [19] , there is little empirical evidence on the practical application of this method. This paper aims to add to the body of knowledge on process workshops as a tool for software process improvement, and describes how company context and goals affects the execution of the method and its results.
In the following we describe our work in two companies, hereafter referred to as Alpha and Beta Company. One is a small and one is a medium sized software company, and they both used process workshops to define their software process. Our focus is on the process workshop itself and how processes were constructed. The description of this process, i.e., how it will later appear in an electronic process guide, and the cost-benfit of the process workshop method is as such outside the scope of this paper. Our research goal which we want to answer in this paper is:
How do available information, company context and goals affect the execution and results of process workshops?
The paper is structured as follows: In chapter 2 we take a closer look at related work, and the method we adapted for our cases. Chapter 3 describes the research method employed in each case. Chapter 4 gives a deeper introduction to each case. Chapter 5 discusses the differences between the cases and our findings. Chapter 6 concludes our findings and describes possible routes for further research.
Related Work
When companies choose to design their own development processes, one option is to assign the task to a group of expert "process engineers" as described by BeckerKornstaedt [7, 8] . One or more process engineers elicit process data from interviews, documents, surveys, e-mails and observation, and then interpret this data to produce a process model. This approach relies heavily on the experience and skill of the process engineer. Therefore, without any structured method, quality and repeatability cannot be ensured. It is, however, unlikely that the use of qualitative methods alone can compensate for experience in process modeling and software engineering [8] . When using a process engineer to formulate a process model, it is common to create a descriptive model. A descriptive model is a model, which expresses processes currently in use. Descriptive software process modeling is an important part of any software process improvement (SPI) program, because descriptive modeling allows process engineers to understand existing processes, communicate process and analyze existing practices for improvement [8] . For this reason, much work has been done on proposing languages, techniques and tools for descriptive process modeling.
An alternative to using process engineers is to involve the employees more in designing the process models, for example through workshops [1, 17] . This type of work takes up the heritage from employee participation in organizational development, a part of Scandinavian work tradition as well as in most work on improvement, from the Total Quality Management principles [10] to the knowledge management tradition in Communities of Practice [25] . Participation is also one of the most important foundations of organization development and change [17] , and one of the critical factors for success in software process improvement [13] .
Some studies have found that employee involvement lead to organizational effectiveness, measured through financial performance, turnover rate and workforce morale [21, 24] . Another potential effect of participation is increased emotional attachment to the organization, resulting in greater commitment, motivation to perform and desire for responsibility. Riordan et al. [21] use a framework with four attributes to define employee involvement:
There are several techniques available for achieving participation. Examples are search conferences [20] , survey feedback [6] , autononomous work groups [14] , quality circles [14, 15] . All of which are predicated on the belief that increased participation will lead to better solutions and enhanced organizational problemsolving capability.
In software development, the software developers and the first-line managers are the ones who are into the realities of the day-to-day details of particular technologies, products, and markets. Hence, it is important to involve all who are part of the software process, and have decisions regarding the development of process guides made by those who are closest to the problem.
Consequently, and in order to get realistic descriptions with accurate detail as well as company commitment in an efficient manner, all relevant employee groups should be involved in defining the processes. This can be done by arranging several process workshops [17] in the form of quality circles [15] as a tool to reach a consensus on work practice. A quality circle is composed of volunteers who arrange regular meetings to look at productivity and quality problems, and discuss work procedures [15] . The strength of the circle is that they allow employees to deal with improvement issues that are not dealt with in the regular organization. The quality circles used in the process workshop have all been temporary, and created with a relative wellbounded mandate to be fulfilled. Once a sub-process has been accomplished, the circle is disbanded. This kind of quality circles is also known as "Task forces" [14] .
The Process Workshop Method
In the studies reported in this paper, we used a method called process workshop [11] . The method is designed to involve the users of the future process in discussing and defining the processes. It ensures that people discuss how they work -which fosters learning even before the process guide is available in the company. It also assures quality -the process guide is developed by people who know how to do the work; it does not describe how external consultants or senior staff imagine what "ideal" development processes should look like.
The process workshop approach to defining process(es) consists of six main steps and five sub-steps as shown in Figure 1 below. Since the focus of our work is on the process workshop itself, we only provide details of the relevant substeps here. More details on the process workshops method can be found in [11] . The theoretical approach of the five sub steps are:
• Identify activities. Brainstorming on the main activities of the process by using the KJ process [22] and documenting the result. The KJ is a creative group technique to organize and find relations between seemingly unrelated ideas.
• Define the sequence of the activities. A suitable workflow between the activities from the previous phase is found.
• Define inputs and outputs. Identify documents or artifacts that must be available to start a given sub-process, and which documents that mark the end of such subprocesses. Conditions that must be satisfied to begin or exit the sub-process can be described in checklists.
• Define roles. Defining which roles should contribute in each activity.
• Related documents. Identify documents that either already exist in the company, or new documents that would be helpful in carrying out the activities. Such documents can be templates, checklists and good examples of input or output documents.
A process workshop can be used both to make a descriptive process model and to directly formulate a new and improved process. In the latter case process models are improved directly in the workshops through the discussions, without an analysis of the present situation.
Research Method
This study reports on two separate empirical studies. Each study investigated the application of process workshops to define software processes for software development companies. However, the research method differed slightly between the two cases, and the companies are also at different stages in their improvement efforts. The research method and the difference in application to the two companies are described in this chapter. Two of the authors of this paper were responsible for the research at the Alpha Company, while the two others handled the research at the Beta Company.
Both Alpha and Beta were involved in the same national research project, aimed at investigating software process improvement in software engineering. Due to the cooperative nature of this research project, the research method adopted for both companies was the participative research method, action research [4] . In order to properly describe and differentiate the research methods used, we describe them according to the five principles suggested by Davison et al. [9] (table 1) and the three aspects of control structures suggested by Avison et al. [3] (table 2) . At the Alpha company, the research on how to use project workshops to define software process was carried out during 2003. The process was later implemented in an electronic process guide, and the use of the guide over time was studied [17] . The research on project workshops to define their software process at Beta Company was carried out during 2005, in other words after the study at Alpha company. Since the goal of the company was close to that of Alpha, we decided to adopt the method of process workshops to define the process. The company wanted to define their process, and the researchers got a chance to empirically evaluate the method previously suggested and used at Alpha.
Concerning the first principle of researcher-client agreement, this research was done in a general project on software process improvement, where both companies wrote an improvement plan and the researchers wrote a research plan for each company.
The research followed the action research model (principle two) proposed by Susman and Evered [23] in discussing the situation at the companies, planning action, taking action, evaluating action, and finally specifying for learning. The research has gone through three "evolutionary" cycles at Alpha, however our focus for this paper is on the first cycle in which the process workshops were held to establish the process. At Beta we have only done one evolutionary cycle at the present time.
The third principle of theory, was satisfied for both companies through the research questions and our focus on developing and testing the method based on the theory of user involvement [14, 15, 21, 24] .
The fourth principle of change through action was satisfied through the actions of holding the project workshops. The results form the basis for a new electronic process guide, which includes examples based on the defined process. These results have been used to implement the new defined process at Alpha, whereas Beta has not come this far yet.
The fifth principle of learning through reflection was achieved at Alpha through project meetings in which the researchers and company representatives discussed actions that were taken and analyses made by the researchers. At Beta the results were discussed in a series of meetings, we held a post mortem analysis (PMA) [23] of the project workshops to evaluate it at the end, and conducted an interview with the person responsible for the process improvement initiative at the company.
From the aspect of control structures on action research, we can put the following characteristics on the research projects. The initiation was collaborative for both projects. Both the company and the researchers were in a common research project aimed at improving software processes, and the research plan was developed from the joint wishes of practitioners and researchers.
The authority of the projects is where we observe the main difference. At Alpha it is characterised as staged. In the beginning, the researchers were heavily involved with developing the workshops, while the company assumed more of the responsibility and workload towards the end. At Beta we also characterise the authority as staged, but the oposite effect was seen. In the beginning, the company was very much involved with developing a solution, but as an external project demanded more and more of their resources, power was transferred to the researchers who had to carry much of the workload.
The formalization of both projects can be said to have evolved from formal in the beginning, with a clear structure and plan, to more informal at the end.
Empirical Results from the Two Software Companies
In this chapter we describe the two companies in which we conducted our research in greater detail. We describe the context, the practicalities surrounding the process workshops, how the companies used the data from the workshops, and finally an evaluation of the workshops themselves.
Alpha Company
Alpha Company was founded in 1984, and is one of the leading producers of receiving stations for data from meteorological and Earth observation satellites. The company has worked with large development projects, both as a prime contractor and as a subcontractor. The company has approximately 60 employees, many with master's degrees in computing science, mathematics or physics.
The size of typical product development projects are 1000-4000 work hours. Customers range from universities to companies like Lockheed Martin and Alcatel to governmental institutions like the European Space Agency and the Norwegian Meteorological Institute. Most of the software systems that are developed run on Unix, many on the Linux operating system. Projects are managed in accordance with quality routines from the European Corporation for Space Standardisation and ISO 9001-2000 [5] .
The company had an extensive quality system which was cumbersome to use because of the size and existence partly on file and partly on paper. Since it also did not emphasize such aspects as incremental and component development, the QA system came under increasing pressure to change. It became impossible to follow the standards and even more impossible to do effective quality assurance work in the projects. As part of being certified according to ISO 9001-2000, the company decided to develop a process-oriented quality system [18] .
Defining New Processes
Management of the project for defining the new processes was kept with the Quality Assurance (QA) department. One of the two persons working in the QA department had earlier worked as a developer and was now member of the top management. This way this project was anchored both among the developers and managers.
In an initial workshop with both developers and managers it was defined that the process descriptions had to:
• Reflect the "best practices" currently used within the company (take the best from the earlier system into the new system).
• Comply with modern methodologies like the Unified Process and Component Based Development.
• Integrate the process descriptions with important tools for development (e.g. requirements definitions and use-case description).
• Be easy to tailor when a new project is started.
• Be released when the first processes are defined, so it becomes possible to give instant feedback and then keep up the involvement From these requirements it was decided that the new processes should be created based on "best practice" in the company, with important input from the existing system and engineering tools. It was never an option to first analyse the existing processes and then improve them. This was because they wanted to get the new processes defined quickly to meet the new ISO standard, and to use as little time as possible to keep up the enthusiasm among the developers. The process workshop also provided the possibility to discuss and improve today's working processes without a thorough analysis. It was also decided that the process descriptions were going to be developed in "process workshops" to achieve participation.
After the requirements were defined, seven process workshops were arranged. Alpha identified four main project types, and they chose "Product Development" -the most common one -as a starting point for the subsequent process workshops. "Product Development" was divided into four sub processes: "Specification", "Elaboration", "Component Construction" and "System Integration".
More than 20 people (1/3 of the staff) participated in one or more workshops. The people who participated in the process workshops were selected by the quality department to represent a variety of roles, experience and opinions. The workshops usually lasted half a day.
Each workshop started by defining the sub-processes in the main process. Then we defined each sub-process activities and their sequence. We used the KJ process [22] for brainstorming and documenting the result. The KJ is a creative group technique to organize and find relations between often seemingly unrelated ideas. After the activities were identified and organized in workflows, the documents for input and output to the process were defined. These documents could be already existing templates, checklist and good examples. Next we identified related roles to each process. After all the sub-processes were defined, the responsibilities for implementing the processes into the electronic process guide.
Implementing the Processes
The implementation was executed by QA personnel in a self-made tool and released on the intranet. The first prototype was ready after only a few weeks, and even though the process guide was incomplete it was possible to start real-life testing with a few projects. The projects were encouraged to respond immediately to the process descriptions if they are unclear, uncompleted or unusable. In this way the users were still involved in developing the process descriptions.
The company used 180 work hours in workshops and 1049 work hours in total for development of the first version of the process guide.
Beta Company
The Beta Company has 20 employees. Their main activities are hiring out consultants as developers, developing complete solutions for customers, and hiring out consultants and project managers as advisors for selecting technology, strategy or process. Typically, no more than four to five consultants are at any time working for the same customer.
The managers of the company wish to leverage the company in the market by providing solutions to the problems of their customers. The solutions should make them stand out and increase the probability that the customers later return with new projects. In order to do this, they wish to foster an environment were all ideas and knowledge are shared freely among the employees, and where the employees can draw upon the experience of each other to provide good services to their customers. This work is difficult since a lot of the employees at any given time are out at the customers' site where they don't have direct access to their colleagues.
One of the identified stumbling blocks for experience sharing and reuse was the lack of a common process and a common set of document templates. In order to remove, or at least reduce this problem, the company wanted to define, document and implement a framework that could be used for development, consultancy and operation. The framework should be easily accessible for all employees and should help them to do their jobs better than today and to show Beta as a highly competent consultancy company. The company started to drift away from this goal after approximately six months and decided instead to document how they worked now. A shift from prescriptive to descriptive modeling. Although never explicitly stated, the focus was on identifying the documents -artifacts -that were produced, who produced them and how. In addition it was important for the company to create an awareness of and understanding for the use of a process that encompassed all development activities. At present, the developers thought in terms of jobs -things to do -not in terms of processes and artifacts. One of the goals was to make them think and work in terms of processes and process steps.
Defining New Processes
When the researchers became involved, we saw it as a good oportunity to further test the process workshop method to document their process. We used a sequence of process workshops -one for each of the identified main processes that the company used. The input to the workshops was mainly the developers' experiences with the way they had worked in previous projects. Since the company had no single, defined process and each project more or less invented its own, this was a quite diverse source of information and experience. Each participant brought with him experiences from several processes.
Since part of the goal of the Beta Company was to see which artifacts were needed, we tried to use the standard process worksheet, which has a separate area for documents. However, the workshop participants ignored this area and preferred to mix activities and documents in the same diagram. One of the reasons for this may be that different workshop participants had different ideas about what was done in a project. It was much easier to agree on the documents that are developed than to agree on how they are produced.
We held a total of six workshops over a period of 12 months. Five of the developers participated in two or more of the workshops while an extra five participated in at least one. The workshops treated the processes: requirements, estimation, analysis, implementation, testing and project control and follow-up activities. In addition, we arranged a Post Mortem Analysis (PMA) [12] workshop to assess the whole process workshop series.
We will not treat the results from each workshop in any detail but will instead focus on the workshop process and its results. In addition, we will discuss some of the results from the workshop PMA.
We used the KJ process to create the diagrams during the workshops. Based on the resulting diagrams it was straight forward to see which documents were generated. It is important to note that while the workshop participants were fairly clear on which documents to produce, they are rather vague on the process steps.
Implementing the Processes
Even though documents such as use-case descriptions were generated in this process, all of the documents created in the requirements process will resurface in later processes and will be refined there. In the developers' view it was therefore unreasonable to claim that a certain document "belonged to" a certain process or process step. For this reason, the company decided on the following approach to get a unified process concept:
• Identify all documents and code them with information on the process they are generated in and where they later are refined or used.
• Identify all document dependencies, i.e. which documents use which other documents.
• Store templates and examples for all documents that are used in one or more processes.
• Define a discussion tread for each document. This will enable all developers to give input on their experience, what works, what does not and how can we improve on the templates.
Evaluating the Workshop Approach
When all the company's processes had been analyzed in a process workshop we arranged a PMA to identify strong and weak points in the workshop process used. Most of the negative points related to the lack of participation from the company's management and does not contribute to our understanding of the use of process workshops. The KJ diagram for the positive points is shown below in figure 3. • In a company with many and varied versions of the same process it is easier to focus on documents than on process steps. Dependencies between documents will enforce a sequence of activities but the focus will be on what, not on how.
• Among the developers, the process workshops are conceived as a positive contribution in several ways, e.g.:
• Gives an opportunity for active participation -not just asked what you do but be able to use your own experience to contribute to the company's processes.
• Get a better understanding of the way the company works -an opportunity for learning.
• External participation -in this case the researchers -added value to the workshops by introducing an outside view on the way the company works
Discussion
In this section we discuss our experience with conducting process workshops in different contexts, and elaborate on what we have observed to be the strengths and weaknesses of this approach to software process improvement.
Let us first examine some differences between the two companies and how they chose to employ the process workshop, we have made a comparison in Table 3 below: No formal certification Extensive quality system was already in place before the researchers arrived, but it had become outdated and was too cumbersome to use.
No quality system or defined process in place. Each project followed its own process.
Management of the improvement project was handled by a separate Quality Assurance department.
No Quality Assurance department exists, the improvement project was handled by a project manager. The improvement project had good anchoring with both management and developers through the QA department.
The improvement achieved good anchoring with the developers who participated in the workshops but suffered from poor anchoring with management. PWS used to define the future process based on best practice. The largest difference between the workshop methods employed in the two companies is the focus of defining future processes based on best practice in Alpha vs. defining the current process in Beta. Originally Beta wanted to define a future process, but given the different processes that emerged through the workshops, it was decided at an early stage to focus on the current processes. In retrospect we can explain the difference in focus with the situation the companies was in at the beginning of the improvement projects. The employees at Alpha were already used to using a defined process, while Beta had no experience on using a company process. This can also be linked to the project profile in the companies. While Alpha had fairly homogeneous projects, Beta had a heterogeneous profile, with many consultants spread over several external customer sites.
The difference in previous process knowledge also manifested itself in the discussions and subsequently in the results of the workshops. While the employees at Alpha was more comfortable discussing activities, or how things should be done, the employees at Beta gravitated towards discussing documents or artifacts, or what should be done. That being said, the discussions at both companies kept discussions on the activities of the process to a fairly high level. Neither descended into a detailed description of how an activity should be carried out. The tendency of workshop participants to keep the discussion on a high level is also noted in the study by Pikkarainen [19] .
Another result from our two case companies is that management support and involvement is a major success factor. This is nothing new in the literature [13] , but we believe it deserves mentioning. At Alpha we had the support of top management through the QA department. At Beta top management was interested, but did not have the time or resources necessary to follow the project. This resulted in other external projects taking precedence over the improvement project. There was also no external drive towards formal certification like there was at Alpha, which could have increased the importance of the improvement project. This can also be explained through Beta's relatively small size, with only 20 employees, putting bread on the table and paying the bills came first. There were not enough resources to dedicate an employee to driving the project. The practical result has been that the researchers have had to provide some of the drive, and the project has taken longer time than anticipated.
Even though there were differences in the premises for the process workshops and slight differences in the execution, both Alpha and Beta employees praised it as a good arena for learning. The project workshops provided an arena where employees from several departments could meet and discuss. This gave the participants a broader view of how work was conducted in the organization. Through this open forum, the employees could discuss and reflect on their own work methods. Not being forced into a new process by external consultants or a distant QA department, creates an arena and opportunity for what Argyris and Schön [2] describes as double looped learning. Pikkarainen et al. [19] also found the workshop approach a good support for organizational learning.
Another effect we observed in both Alpha and Beta was that involvement in the process workshop created ownership of the resulting process. This effect was studied in Alpha, where it was shown that the participants of the workshop used the resulting process guide much more than the employees who did not participate. Although Beta has not implemented the resulting process yet, there have already been indications that there is a difference between those who participated and those who did not.
Conclusion and Further Work
We have conducted empirical studies on the application of the process workshop approach in two software companies. Our research question was "How do available information, company context and goals affect the execution and results of process workshops?" Based on the results and the previous discussion, we can conclude that:
• The premises of the company will strongly influence the execution of the project workshops. If the employees of a company are used to working according to a process, the workshops can be used to formulate the starting point of a new process based on best practice. If, however, no clear process exists, the focus of the workshops should be on reaching an agreement on the current process before improvement is suggested.
• If the PWS approach is used to reach an agreement on the current process, a good starting point is to focus the discussion on artifacts, or what should be produced, rather than how it should be produced.
• If the PWS approach is used to specify future processes based on best practice, the discussions should be focused towards activities, or how the projects should be run. In addition to answering our research question, we have made three observations pertaining to organizational learning and some related issues:
• The PWS approach is a good tool for organizational learning. Through the discussions in the workshops, the employees start the learning process, even before the process is available through a process guide.
• Involvement in the workshops fosters ownership of the resulting process, and as such it is a good way to get the developers to actually use the process later.
• The process workshop is a lightweight approach to defining a process for companies. As such it is well suited to small and medium sized companies. It does, however, require some resources to be truly successful and therefore, management support is important.
Further work in this area will be to investigate methods to spread the acceptance and usage of the resulting process. In a previous study [17] we showed that participants had a higher usage level of the resulting process than those who did not participate. In the empirical studies reported in this paper, we had a participant level of about 1/3 of the employees in each company. The challenge now becomes how to get the rest of the employees involved to foster a higher acceptance level of the resulting process.
